Natural fibers are attracting the interest of engineering sectors owing to specific advantages such as lightweight and lower cost as well as for their inherent condition of being renewable, biodegradable, recyclable and neutral with respect to CO 2 emission. In particular, the fiber extracted from the malva plant stem is nowadays recognized as one of the strongest lignocellulosic fibers. However, the thermal properties of the malva fibers have yet not been fully investigated. The present work had as its objective to investigate, by photoacoustic spectroscopy and photothermal techniques the thermal properties of diffusivity, specific heat capacity and conductivity of a pressed malva fibers sample. The results revealed that these fibers showed a superior thermal insulation capacity.
Introduction
According to Kalia et al [1] , cellulose-based fibers are gaining attention due to its "green" image, unlike the glass fiber widely used in modern technology, those lignocellulosic fibers are renewable and can be incinerated in the end of the useful life without the addition of air pollution, since the amount of CO 2 released during the combustion process is negligible compared to the amount absorbed by the plant throughout its life [2] .
It should be notice that the use of lignocellulosic fibers in packaging, textile, construction and automobile industries is growing very fast. One of its applications is promising as reinforcement for polymeric composites. In fact, a considerable number of publications [3] [4] [5] [6] [7] [8] has been devoted to lignocellulosic materials reinforcing polymer composites. In particular, the applications on automobile industry already in the market [9] [10] [11] [12] .
The lignocellulosic natural fiber extracted from the stem of malva plant, illustrated in Figure  1 , can reach high values of tensile resistance [13] , and the plantation, extraction and manufacture procedures do not cause problems to the environment. A preliminary thermal behavior investigation of the malva fiber by thermogravimetric analysis, TGA, and it's derivative DTG showed the material evolution conditions associated with water loss, for surface moisture, water release, cellulose and lignin decomposition and also calcium and silicon oxidation [14] .
The photoacoustic spectroscopy and photothermal techniques characterizes thermal properties and acoustic insulation for the tested materials. These techniques are based on heat generation as a result of the absorption of radiation [15, 16] and had already presented some interesting results in literature for polymeric materials [15] . The objective of this study was to perform photoacoustic and photothermal characterization of malva fiber.
Materials and Methods
The malva fibers used in this work were purchased from a local supplier in the Amazon region. After cleaned and dried at room temperature the fibers diameters were statistically analyzed following the procedure described elsewhere [13, 18] . The diameter distribution goes from 20 to 110 μm with an average diameter of 65 micrometers.
This study samples was prepared using pure malva fibers carefully crushed under 25 tons of pressure to generate a thin disc with thickness less than 0.5 mm, the fibers were placed inside plastic film before the crushing process to prevent contaimination. The discs can be seen in Fig 2(b) . Each sample was tested in a open photoacoustic cell as shown in Figure 2(a) , to amplify the photothermal results materials were tested under continuous laser illumination. Both techniques were used to determine the thermal diffusivity αs, and specific heat capacity ρcp. From these parameters, the thermal conductivity, k, of malva fiber was evaluated by the following equation:
The thermal diffusivity was measured by the photoacoustic technique which considers heat loss in a sample due to a process of thermal relaxation upon light absorption. The open photoacoustic cell (OPC) assemble the sample directly into a cylindrical microphone, as showed in Figure 2 (a). The air chamber in front of the microphone works as a conventional gas chamber, normally applied in others photoacoustic techniques [16] . The results evaluation
